Abstract
tomatic clinical recurrence occurs in 30%, and 5% of patients undergo further surgical intervention [12] [13] [14] . Seventy percent of patients who have had an operation will ultimately require further surgery [8, 15] . Treatment with thiopurines and/or anti-tumor necrosis factor (TNF) agents has been associated with a reduction in endoscopic recurrence [16] [17] [18] [19] . Thiopurines are associated with significant cost savings when used for the treatment of inflammatory bowel disease, especially when used with pharmacogenetic testing of thiopurine s-methyltransferase and metabolite monitoring [20, 21] . Anti-TNF drugs in Crohn's disease are clinically effective [22, 23] . But their cost-effectiveness has not been established with certainty. These agents reduce the costly complications of Crohn's disease such as surgery and hospitalization, especially in the short term [24] and appear to be cost-effective when disease is severe or active [25] [26] [27] . However, the cost-effectiveness of long term maintenance treatment with infliximab or adalimumab is not known [25, 28] although costs with adalimumab are less than those associated with infliximab therapy largely because of reduced infusion centre costs [29] . When considering the cost-effectiveness of drug strategies for the prevention of post-operative clinical recurrence, Ananthakrishnan et al [30] found that antibiotics were the most cost-effective option. They found that immediate therapy with infliximab postoperatively was not cost-effective, even in patients at high risk of early recurrence, although could be costeffective if reserved for patients with early endoscopic recurrence at 6 mo. Doherty and colleagues [31] found that compared to no prophylactic treatment, prophylactic post-operative thiopurine therapy was the most cost-effective up to 1 year post-operatively, but at 5 years, mesalazine treatment was most favourable. However, endoscopic recurrence was not a factor in the primary model of these studies. While these studies have examined the costeffectiveness of prophylactic drug treatments postoperatively, there has been no detailed analysis to date of the cost-effectiveness of management strategies following intestinal resection, which include early endoscopic assessment, tailored drug therapy according to risk of recurrence, and the presence or absence of early endoscopic recurrence.
The Post-Operative Crohn's Endoscopic Recurrence (POCER) study compared strategies to prevent endoscopic recurrence, taking into account risk of recurrence, efficacy of different drug regimens, and assessment of the benefit of endoscopic monitoring and treatment intensification providing a strategy for management of Crohn's disease after intestinal resection [17] . This study also evaluated the efficacy of faecal calprotectin testing to detect early recurrent disease [32] . In a subset of patients from the POCER study, we aimed to undertake a detailed health care utilization and cost analysis to estimate health care costs associated with post-operative Crohn's disease care n = 17) were included from one health service.
Median total health care cost was $6440 per patient. Active care cost $4824 more than standard care over 18 mo. Medication accounted for 78% of total cost, of which 90% was for adalimumab. Median health care cost was higher for those with endoscopic recurrence compared to those in remission [$26347 (IQR 25045-27485) vs $2729 (IQR 1182-5215), P < 0.001].
FC to select patients for colonoscopy could reduce cost by $1010 per patient over 18 mo. Active care was associated with 18% decreased endoscopic recurrence, costing $861 for each recurrence prevented.
INTRODUCTION
Crohn's disease is a chronic, relapsing, progressive inflammatory disorder of the gastrointestinal tract. Annual direct medical costs are high, estimated at $4466 US dollars per patient per year [1] , and exceed those required for the care of patients with ulcerative colitis. Costs are higher among those with active, severe, stricturing and/or penetrating disease and those requiring hospitalization, surgery, or therapy with glucocorticoids, immunosuppressives or biologic therapy [1] [2] [3] [4] [5] [6] [7] . Seventy percent of patients with Crohn's disease need an intestinal resection at some time [8] [9] [10] [11] . Within one year of surgery, subclinical endoscopic recurrence occurs at the anastomosis in 90% of patients, sympcare and to estimate the cost-effectiveness of one management strategy over another.
MATERIALS AND METHODS

Clinical post-operative recurrence study
The POCER study [1] was a prospective randomized control trial which assessed the efficacy of postoperative endoscopic assessment and treatment step-up for early mucosal recurrence. Patients were stratified according to risk of recurrence. Smokers, patients with perforating disease, or patients with ≥ 1 previous resections were classified as "high-risk"; all others "low-risk". All patients underwent resection of all macroscopic disease and then received 3 mo of metronidazole. High-risk patients also received daily azathioprine (2 mg/kg per day) or 6-mercaptopurine (1.5 mg/kg per day). High-risk patients intolerant of thiopurine received adalimumab induction (160 mg/80 mg) and then 40 mg two-weekly. Low-risk patients received no further medication.
Patients were randomly assigned in a 2:1 ratio to colonoscopy at 6 mo (active care) or no colonoscopy (standard care). For endoscopic recurrence (Rutgeerts score ≥ i2) at 6 mo, patients stepped-up to thiopurine, fortnightly adalimumab with thiopurine, or weekly adalimumab. The primary end-point was endoscopic recurrence at 18 mo. Endoscopic remission was defined as Rutgeert's score i0 or i1 (i0 = no lesions, i1 = mild small superficial anastomotic lesions), and recurrence defined as i2, i3 or i4 (moderate to severe lesions).
One hundred and seventy four patients were included at 17 hospitals in Australia and New Zealand. One hundred and one of 122 patients randomized to endoscopic intervention (6 mo colonoscopy) were highrisk, compared to 44 of 56 in the standard care arm (Figure 1 ). Key findings from the POCER study were: (1) treatment according to clinical risk of recurrence, with early colonoscopy and treatment step-up for recurrence, was better than conventional drug therapy alone for prevention of postoperative Crohn's disease recurrence; and (2) selective immune suppression, adjusted for early recurrence, rather than routine use, led to disease control in most patients. The study showed that while clinical risk factors, including smoking, could predict recurrence, patients at low risk of recurrence also benefited from monitoring and that early remission did not preclude the need for ongoing monitoring.
The present study comprised the subset of 60 patients from the POCER study with complete health care utilization and costing data, and complete postoperative follow-up for 6 mo or more. These patients' post-operative care had been undertaken in one health service, St Vincent's Hospital Melbourne (SVHM), ensuring complete and consistent data capture. A minimum of 6 mo follow-up was chosen for patient inclusion, as this was the first endoscopic assessment point for patients in the study.
Endoscopic visual assessment for disease recurrence
At ileo-colonoscopy, mucosal recurrence at the anastomosis and neo-terminal ileum was assessed according to the Rutgeerts score [13] by the endoscopist, who was aware of the patient's treatment. At the 6 and 18 mo colonoscopies, endoscopic remission was defined as Rutgeerts score i0 (no lesions) or i1 (≤ 5 aphthous lesions) and recurrence as i2 (> 5 aphthous lesions or larger lesions confined to anastomosis), i3 (diffuse ileitis), or i4 (diffuse inflammation with large ulcers and/or narrowing) [13] .
Health economic assessment
Patients completed health care utilization and work productivity questionnaires pre-operatively (baseline) and at 1, 2, 4, 6, 7, 8, 10, 12, 15 and 18 mo postoperatively. The data extracted is shown in Table 1 .
Costs were stratified into the following categories: all drugs, adalimumab, inpatient care, in-hospital procedures (colonoscopy and iron infusion), emergency department attendances, specialist outpatient visits, outpatient allied health visits, primary care visits, outpatient medical imaging and pathology investigations.
Hospital cost data were derived from administrative databases maintained by the Clinical Costing Unit at SVHM, which routinely tracks all services provided to individual inpatients and assigns relevant service costs. Services comprise specific individualized items such as medical imaging, pharmacy, pathology, and surgical procedures, including operating room time, as well as more general care, such as time spent as an in-patient and consultation by medical, nursing, and allied health staff. This method of costing is known as the "bottomup" approach [33] . Outpatient health care resource costs were estimated by multiplying episodes of care by unit costs. Episodes of care were derived from questionnaire data. Unit costs for medications and medical services were based on the Australian Medical Services Schedule [34] and Pharmaceutical Benefits Schedule [35] respectively. All costs were from the perspective of the Australian public healthcare system, which funds the majority of healthcare in Australia. Therefore, cost estimates excluded any patient contribution. All cost data were considered in Australian dollars (AUD).
Faecal calprotectin measurement
Faecal calprotectin (FC) was measured by a quantitative enzyme immunoassay (fCAL TM , Bühlmann, Schonenbuch, Switzerland) as per manufacturer's instructions, without knowledge of patient data. Concentrations were expressed as μg/g of stool. FC measurement was performed at baseline (pre-operatively) and at 6, 12 Step-up therapy and 18 mo post-operatively.
Statistical analysis
As costs were not normally distributed, medians and interquartile ranges of costs were calculated. A 2-tailed Mann-Whitney U Test was used to assess for statistically significant differences in costs between groups. Data were analysed using SPSS Statistics for Windows, Version 22.0 (Armonk NY: IBM Corp.).
RESULTS
Of the 174 patients (median age 38, 55% female) enrolled in the POCER study, 60 (median age 37, 60% female) were included in this analysis. Demographic and disease characteristics of the entire POCER cohort and the health-economic sub-cohort are shown in Table 2 . Of the 60 patients, 43 (72%) were in the active care arm and 17 (28%) in the standard care arm. Average length of follow up for all patients was 17 mo, and was not different between standard and active care arms.
Cost of post-operative care
Median total healthcare cost per patient of post-operative care was AUD $6440 (IQR 2540-28069). Medications were the highest single cost driver, responsible for 78% of the total cost, of which adalimumab constituted 90%. Day procedures (colonoscopy) constituted 10% of the healthcare cost, followed by inpatient admissions, outpatient specialist consultations and pathology at 6%, 2% and 2%, respectively. Detailed cost breakdowns can be seen in Figure 2 . We have previously shown that by measuring FC post-operatively, the need for colonoscopy can be reduced by 47%. When used at 6 and 18 mo to select appropriate patients for colonoscopy, this would have reduced the cost of post-operative care by $1010 over 18 mo based on average colonoscopy costs from our cohort.
Active vs standard care arms
Median healthcare cost was non-statistically significantly higher in the active vs standard care arms [$8045 (IQR 3732-28288) vs $3221 (IQR 1693-26283), P = 0.125], Figure 3A .
Medications were the biggest cost items in both the active and standard care arms (both 78% of total), with adalimumab making up 90% of these costs in both arms. Median medication costs per patient were non-statistically significantly higher in those in the active vs standard care arm [$3286 (IQR 864-24421) vs $891 (IQR 868-24393), P = 0.80]. As colonoscopy at 6 mo was mandated for those in the active care arm, median day procedure (colonoscopy) costs were higher per patient in this group when compared to those in the standard care arm $1710 (IQR 574-2884) vs $694 (565-1591), P = 0.044.
Detailed costing breakdowns are shown in Figure 2 .
Cost of endoscopic recurrence
Within the 43 active care patients, the median healthcare cost was higher in those who had endoscopic recurrence at 6 mo (n = 12) compared to those in remission (n = 31) [$26347 (IQR 25045-27485) vs $2729 (IQR 1182-5215), P < 0.001], Figure 3C . Most of this cost difference was accounted for by the increased need for medications among those with endoscopic In the entire POCER study, treatment in the active care compared to standard care arms was associated with an 18% reduction in the risk of endoscopic recurrence (NNT 5.6) [17] . Hence on average, $861 was spent over 18 mo to prevent each endoscopic recurrence.
Cost-effectiveness of faecal calprotectin to identify suitability for colonoscopy
We have previously shown that routine FC testing for asymptomatic patients post-operatively, with colonoscopy reserved for those with a FC > 100 μg/g, could reduce the rate of post-operative colonoscopy by 47% [32] . When used at 6 and 18 mo to select patients for colonoscopy, measurement of FC would have reduced the cost of post-operative care by $1010 over 18 mo based on average colonoscopy costs from our cohort and the cost of FC testing.
DISCUSSION
This cost analysis of structured post-operative care after intestinal resection in Crohn's disease has identified a number of findings. First, healthcare costs are substantial, with much of the cost relating to drug therapy. Secondly, active care involving endoscopic monitoring for disease recurrence, costs more than symptom-based monitoring. Thirdly, the occurrence of endoscopic recurrence increases costs significantly, related largely to drug therapy. Lastly, the use of FC to monitor for disease recurrence, a proven strategy, can substantially decrease post-operative costs.
The severity of endoscopic recurrence has been shown previously to predict the subsequent development of clinical recurrence and the need for surgery [14] . The costs inherent in this strategy of monitoring and treating-to-target to maintain mucosal healing are predicated on the assumption that in the longer term, disease recurrence, the development of disease complications, and the need for further surgery are reduced. Potential cost savings by way of a reduction in future surgery and a reduction in the subsequent development of short gut syndrome (a rare but catastrophic complication of repeated intestinal resections in Crohn's disease) are significant. In the POCER cohort, the median cost of the inpatient admission for intestinal resection was $15662 (IQR 10364-17720), the annual cost of care per patients with short gut syndrome have been estimated as being between $100000 and $150000 per year [36] . However, longer term data are still needed to evaluate the cost of prolonged anti-TNF therapy and reduced interventions compared with less monitoring and drug therapy with a likely increased rate of intervention.
While recent trials have demonstrated the efficacy [16, 18, 37] , and explored the cost-effectiveness [30, 31] , of some drug therapies in preventing post-operative Crohn's disease recurrence, the cost of anti-TNF therapy and of an integrated package of care have not been evaluated. The healthcare costs of these resource-intensive strategies must be considered if these approaches are to be widely recommended.
To our knowledge, this is the first study to describe healthcare cost profiles in the management of postoperative Crohn's disease. The post-operative period is completely different to treating known active disease outside of a surgical episode, the latter being clinically obvious and treatment essential. Post-operatively, patients are usually clinically well, as reflected in improved Crohn's Disease Severity Index (CDAI) and quality of life scores [38] . For the patient and the treating physician, this changed focus from treating active disease to disease prevention requires its own health and cost-benefit analysis and justification.
The major limitation of this study is the small study size which included a sub-set of patients enrolled in the POCER study.
The POCER study demonstrated the efficacy of risktailored prophylactic drug therapy, early colonoscopy and treatment step-up in the event of endoscopic recurrence, for the prevention of post-operative recurrence [17] . The active care arm of the POCER study cost a median of $8045 per patient, with the cost of drug therapy exceeding the cost of colonoscopy, hospital admissions and specialist appointments. An alternative strategy involves the routine use of anti-TNF therapy for all patients at high-risk of recurrence, without inherent monitoring for recurrence and drug adjustment; the recent PREVENT study evaluated the efficacy of infliximab in this setting [39] . Such routine use of anti-TNF therapy would be more expensive in the short-term, but the longer term costs-benefits are unknown.
The significant proportion of healthcare costs attributable to adalimumab therapy in our study reflects recent studies that illustrate the change in cost profiles in inflammatory bowel disease management as a consequence of anti-TNF use. Anti-TNF drugs come at a considerable cost and have been found to increase the overall cost for patients with Crohn's disease. Adalimumab is more cost-effective than infliximab because of the absence of incidental costs associated with the administration of infliximab including infusion centre admission and nursing care [40] [41] [42] .
A recent cost-of-illness study by van der Valk et al [6] demonstrated that the cost of anti-TNF therapy for treatment of inflammatory bowel disease makes up the majority of health care cost, in excess of surgery and hospitalisation. Among Crohn's disease patients in that study, medication costs accounted for 71% of total healthcare costs, of which 64% was related to anti-TNF therapy. Hospitalisation and surgery accounted for only 19% and less than 1%, respectively. In our study, similar to the study by van der Valk et al [6] , outpatient specialist and general practitioner care accounted for small proportions of the total healthcare cost, at 3.7% and less than 1%, respectively. Australian data reflects similar trends in healthcare costs, with medications being the main cost driver in the care of patients with Crohn's disease [43] . The introduction of biosimilar anti-TNF drugs, and a general trend towards lower drug pricing, may result in lower drug costs in the medium term [44] . Healthcare spending on biologics is predicted to fall between 10 and 50% in Europe and the United States following the introduction of biosimilar drugs [45] [46] [47] . Cost-effectiveness of the tested strategy may therefore change.
This study has identified the main costs associated with a proactive disease-prevention post-operative Crohn's disease strategy. It provides the financial basis for current management and the planning of future strategies.
COMMENTS
Background
Healthcare costs for Crohn's disease are high. Active disease, surgery, hospitalisations and anti-TNF use are the key costs. Precent of 70 patients with Crohn's disease require at least one surgical resection, and of these most develop disease recurrence. Post-operative strategies to prevent disease recurrence, which include endoscopic assessment and patienttailored prophylactic drug therapy, are therefore desirable. However, the costeffectiveness of such strategies is unknown.
Research frontiers
Post-operative management for patients with Crohn's disease has been an area of intense interest over recent years. Randomised studies have sought to define optimal drug therapy and monitoring algorithms. Anti-TNF drugs have consistently been found to be superior to other drugs in the prevention of recurrent Crohn's disease. Anti-TNF drugs however come at a considerable expense to the health care system. This study is part of the Post-Operative Crohn's Endoscopic Recurrence (POCER) platform of studies which has successfully defined the management of patients with Crohn's disease following intestinal resection. Results from the POCER study have radically altered treatment algorithms and our understanding of drug therapy in the prevention of post-operative recurrence of Crohn's disease. The POCER study has demonstrated that in patients at high risk of recurrence after "curative" surgery for Crohn's disease, adalimumab (an anti-TNFα drug) prevents recurrent mucosal disease in most patients, and is superior to thiopurines. A strategy for the post-operative management of these patients has also been determined with treatment according to risk of recurrence, with 6 mo colonoscopy and treatment step-up for endoscopic recurrence, being significantly superior to optimal drug therapy alone, in preventing postoperative recurrence of Crohn's disease. Selective potent immune suppression, adjusted if needed on the basis of colonoscopy, rather than its use in all high risk patients, was shown to lead to effective disease control in a majority of patients. The study described in this manuscript describes the health care costs involved in delivering this treatment and monitoring strategy compared to those required for the provision of standard post-operative care.
Innovations and breakthroughs
Post-operative strategies to prevent disease recurrence after intestinal resection are associated with high healthcare costs, the majority of which is medication driven. Endoscopic recurrence when compared to remission is associated with significantly higher healthcare costs. The POCER strategy, as illustrated in the active care arm of this study, is based on risk-related medication, monitoring for early disease recurrence, and treatment intensification when needed. It is associated with a reduction in post-operative endoscopic recurrence without a significantly greater cost than standard care.
Applications
Strategies that prevent endoscopic recurrence may therefore be associated with substantial healthcare savings downstream, making the POCER algorithm a potentially cost effective strategy. Further, using FC to select patients appropriate for colonoscopy reduces costs significantly.
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